The Dimension Action (DA) model asserts that the visual system is modular, and that each task involves multiple-response mechanisms rather than a unitary-response selection mechanism. The model has been supported by evidence from single-task interference paradigms. We use the psychological refractory period paradigm and show that dual-task performance can also be explained by the DA model. In 6 experiments we contrasted predictions from the DA model with predictions from the Response Selection Bottleneck (RSB; Pashler, 1994) model asserting that dual-task limitations are due to a unitary-response selection mechanism. Task 1 in all experiments was a tone discrimination task. In Experiments 1 to 3, Task 2 was a variation of either the Stroop or the flanker tasks. Experiments 4 to 6 manipulated response selection directly. The results showed that response selection effects can be underadditive in some conditions and additive in others depending on the modular nature of the response effect. Together, the results support the existence of an underlying modular architecture as proposed by the DA model and pose serious difficulties for the RSB model. Keywords: single-task interference, dual-task interference, the PRP paradigm, response selection Most current theories of human-task performance characterize the main processes that occur during its performance as proceeding through a series of processing stages, namely, perception, response selection, and response execution (Sanders, 1998; Sternberg, 1969) . These stages may overlap in time but are nevertheless autonomous (C. W. Eriksen & Schultz, 1979) . A common assumption in this domain is that the response selection stage that involves mapping relevant stimuli to their assigned responses is a single, central mechanism that is used for all tasks. This assumption has been used to account for central phenomena in human performance that include interference by distracters during single-task performance (e.g., Kornblum, Hasbroucq, & Osman, 1990 ) and costs observed during dual-task performance (e.g., Pashler, 1994). Because this assumption is used to account for a wide variety of phenomena we refer to it as the standard view (cf. Magen & Cohen, 2007) .
Most current theories of human-task performance characterize the main processes that occur during its performance as proceeding through a series of processing stages, namely, perception, response selection, and response execution (Sanders, 1998; Sternberg, 1969) . These stages may overlap in time but are nevertheless autonomous (C. W. Eriksen & Schultz, 1979) . A common assumption in this domain is that the response selection stage that involves mapping relevant stimuli to their assigned responses is a single, central mechanism that is used for all tasks. This assumption has been used to account for central phenomena in human performance that include interference by distracters during single-task performance (e.g., Kornblum, Hasbroucq, & Osman, 1990) and costs observed during dual-task performance (e.g., Pashler, 1994) . Because this assumption is used to account for a wide variety of phenomena we refer to it as the standard view (cf. Magen & Cohen, 2007) .
A series of studies, however, have challenged the standard view in the domain of single-task interference (e.g., A. Cohen & Feintuch, 2002; A. Cohen & Shoup, 1997; Magen & Cohen, 2007) . As reviewed shortly, our findings (which focused on the visual domain) favor an alternative interpretation according to which the visual system contains separate modules, each of which is concerned with different content (e.g., color, basic shape, words). Each task is performed by assembly of modules that are relevant for the task. For example, naming a print color involves assembling a color and a verbal module, identifying the target color in the color module, transferring this information to the verbal module, and from there transferring the information onward for execution of the vocal response. In this modular architecture, termed the Dimension Action (DA) model, there is no central-response selection mechanism. Instead, there are series of response decisions that are performed in the transfer of information between the relevant task modules (e.g., from the color module to the verbal module, from the verbal module to the vocal tract).
The standard view, however, still plays a major role in theories of dual-task performance. Indeed, the assumption of a unitaryresponse selection mechanism is essential for one of the most dominant theories in this domain, the Response Selection Bottleneck theory (RSB; e.g., Pashler, 1994) and related theories (e.g., Tombu & Jolicoeur, 2002 , 2003 . These theories have relied heavily on studies with a popular dual-task paradigm known as the psychological refractory period (PRP). In this paper we describe a series of experiments with the PRP paradigm and show that its findings are consistent with the modular architecture suggested by the DA model and pose serious difficulties for the RSB model. printed in green). In a typical flanker task participants are instructed to discriminate between two centrally presented targets (e.g., the colors red and green), and ignore irrelevant stimuli that flank the target (the flankers). The resultant flanker effect refers to the finding that participants are faster in the congruent condition (e.g., a red target and red flankers) than in the incongruent condition (e.g., red target and green flankers). In both Stroop and flanker tasks there is often a neutral condition in which the distracters (e.g., a string of letters in the Stroop task, and blue flankers in the flanker task) are not associated with responses, and reaction time to this condition is usually intermediate.
There are several clear differences between the flanker and the Stroop tasks. Yet, there is substantial evidence that both flanker (e.g., C. W. Eriksen & Schultz, 1979; Miller, 1991; Sanders & Lamers, 2002) and Stroop (e.g., Klein, 1964; Logan, 1980) effects are primarily due to conflicts that occur at the response selection stage that lead to response facilitation and competition in the congruent and incongruent conditions, respectively. In addition, in accord with the standard view, it has been generally assumed that the response competition in both tasks is essentially the same, and it takes place in a central unitary-response selection arena. Indeed, researchers have at times referred to these effects as interchangeable (e.g., MacLeod, 1991; Miller, 1991) .
However, data from both the Stroop and the flanker paradigms suggest that the patterns of interference observed in both Stroop and flanker tasks is more complex and cannot be accounted for by assuming the existence of a unitary-response selection mechanism. When participants in the Stroop are asked to name the target, as originally documented by Stroop (1935) , the content of the word interferes with naming the color print but the print color has little effect on naming the word. In contrast, when participants are required to hit colored keys that match the print color or to hit colored keys that match the content of the word (Durgin, 2000; Sugg & McDonald, 1994) , the pattern of results is reversed: print colors affect words whereas words have little effect on the print colors (see also Treisman & Fearnley, 1969; Virzi & Egeth, 1985) .
Using the flanker task, A. Shoup (1997, see also A. Cohen & Shoup, 2000) showed that the flanker effect is observed when the target and flankers are associated with the responses on the basis of the same module (e.g., both target and flankers are associated with responses on the basis of shapes). The effect disappears, however, if the target is associated with responses on the basis of one module (e.g., shape) and the flankers are associated with responses on the basis a different module (e.g., color).
As described recently by Magen and Cohen (2007) , the DA model with its modular architecture nicely accounts for these findings. To illustrate this model consider a flanker task in which participants have to name a central target color flanked on its side by either congruent or incongruent color flankers. According to the DA model, the colors of both target and flankers are identified in the color module (Figure 1a ), in which the task discrimination takes place. For a successful performance of the task, information from the color target has to be transferred to the verbal module and from there on to the vocal tract for response execution. We term the module in which task discrimination takes place (the color module in this example) as the target module, and subsequent modules (e.g., the verbal module) as posttarget modules. Note that the flanker conflict takes place at the target module. It is a response decision conflict concerning the information that will be transferred to the verbal module. Consider now a Stroop task. As before, the color target is registered in the target color module (Figure 1b) . At the same time, the word input is registered in the verbal module. To name the color, information from the color module is transferred to the verbal module and from there on to the vocal tract. Note, however that the Stroop conflict is very different than that of the flanker task. It takes place at the posttarget verbal module and it involves a response decision concerning information that will be transferred to the vocal tract.
Thus, the above architecture points to an important distinction between the flanker (target module locus) effect and the Stroop (posttarget module locus) effect. The flanker effect would occur regardless of the required response mode. As can be seen in Figure 1a, the conflict between the target and flankers will arise even if the task did not involve color naming. However, the Stroop effect ( Figure 1b ) would occur only if the verbal module is part of the task. The verbal module would be part of the task if naming is required for the response, or if participants choose to verbally rehearse the stimulus-to-response mapping. If the color target in Figure 1b would require a nonverbal response, and verbal rehearsal is not used, the Stroop effect would not occur. These predictions were tested and confirmed recently by Magen and Cohen (2007) . As can be seen from this example, there is no central response selection unit in this modular architecture. Instead, there is a series of response decisions in transferring information between modules, and response conflicts can arise at any one of these decisions. All modules can be used for both identifying input and for connections to other modules and/or to the motoric system because all modules, in addition to their perceptual processes, are endowed with response decision capabilities. In this respect the DA model fits the theoretical framework of Hommel, Prinz, and their colleagues (e.g., Hommel, 1998; Hommel & Musseler, 2006; Hommel, Musseler, Aschersleben & Prinz, 2001) , in which there is no strict separation between perception and action. As described in details by Magen and Cohen (2007) , this theoretical scheme is consistent with all major findings in both the Stroop and the flanker tasks.
Dual-Task Studies
Over a century of systematic research has firmly established that people are generally limited in simultaneous performance of two tasks (see Kahneman, 1973; Shiffrin, 1988 , for reviews). Numerous theories have been proposed to account for this limitation (see Navon & Miller, 2002 , for a recent review). It is possible to divide these models into two broad classes (e.g., Pashler, 1998) . Structural models (e.g., Welford, 1952) assume that one or more bottleneck stages exist at some point in the flow of information processing, and they can only be used by one task at a time, leading to the dual-task limitation. Alternatively, other models assume that the locus of limitation is flexible and is determined by strategic considerations. For example, resource theories (e.g., Kahneman, 1973) assume that the cognitive system has one or more pools of limited resources that are allocated to various processing demands. Dual-task limitation will be observed when the processing demands exceed the available resources.
Dual-task studies have often used relatively complex tasks (e.g., shadowing, piano playing) to examine this issue. As pointed out by a number of researchers (e.g., Hazeltine, Teague, & Ivry, 2002; Logan & Schulkind, 2000) , however, such studies cannot fully distinguish between the theories because they do not have a fine-grain control of the temporal allocation of processing for the two tasks. In recent years many dual-task studies used a particular experimental design that seems to overcome this problem, the PRP paradigm.
The PRP Paradigm
In a typical trial in the PRP paradigm participants are asked to make speeded responses to two tasks in which input is presented in succession. The main manipulation is the temporal gap between the presentations of the input (S1) to the first task (T1) and the input (S2) to the second task (T2). Typically the instructions in the paradigm emphasize that response to the first task (R1) must be performed before the response to the second task (R2). The PRP effect refers to the findings that, whereas response time (RT) for T1 (RT1) is usually minimally affected by the stimulus onset asynchrony (SOA) manipulation, RT for T2 (RT2) gets progressively longer with shorter SOAs, with a slope approximating -1 (that reaches an asymptote at longer SOAs). The PRP effect has been observed in numerous experiments with a wide variety of stimuli and response modalities (see Bertelson, 1966; Pashler, 1994; Smith, 1967, for reviews) .
Over the last few decades, a particular form of this paradigm, the locus-of-slack method (Schweickert, 1980) , has been extensively used. This method involves a selective manipulation of the difficulty of specific processing stages required for T2. The hypothesis examined in the locus-of-slack method is that the PRP effect is caused by an inherent limitation in using one of these processing stages simultaneously for two tasks. If two tasks require this processing stage at the same time, as might be the case in the short SOAs conditions of the PRP task, one of them (T2 in the PRP paradigm) is postponed until the other task is finished with it. The waiting period until the processing of T2 is resumed is called cognitive slack (cf. Schweickert, 1980) .
Manipulating the difficulty of a distinct stage in T2 yields clear predictions (see Figure 2) . If the manipulated stage (A) is before the bottleneck stage (B), an underadditive pattern will emerge in which the difference between the easy and difficult conditions will be apparent in the long SOAs, but will be reduced and may even be eliminated in the short SOAs (Figure 2a) . If, however, the manipulation involves a stage at (B) or beyond (C) the bottleneck stage (B), the difference between the easy and difficult conditions will not be affected by SOA (i.e., the relation between the SOA and the T2 manipulation is additive; Figure 2b) .
The results of a number of PRP studies using the logic of slack method provided support for the RSB model (e.g., Pashler, 1984 Pashler, , 1994 . According to this model, and in accord with the standard view, there is a single-central response selection mechanism, and it can only be used by one task at a time. Consistent with this model, several studies have demonstrated an underadditive relation between the SOA and the difficulty of the perceptual stage of T2 (e.g., De Jong, 1993; Johnston, McCann, & Remington, 1995; Pashler & Johnston, 1989) . The locus-of-slack logic implies that perceptual processes can be performed concurrently for T1 and T2. In contrast, manipulating the response selection difficulty of T2 produced an additive effect with SOA in several other investigations (e.g., Fagot & Pashler, 1992; McCann & Johnston, 1992; Pashler & Johnston, 1989; Van Selst & Jolicoeur, 1997) . Among these tasks, additivity of the Stroop effect in the PRP paradigm was also taken as evidence supporting the RSB model (Fagot & Pashler, 1992) . These findings led to a wide acceptance of the RSB model.
However, several PRP studies obtained inconsistent results. Schumacher et al. (1999) manipulated the number of stimuli that are mapped to responses for T2. This manipulation is known to primarily affect the response selection stage (Karlin & Kestenbaum, 1968 ). Yet, Schumacher et al. observed underadditive relation between this manipulation and the PRP effect. In contrast, Schubert (1999) and Van Selst and Jolicoeur (1997) found additivity of the same response numerosity effects. In another experi-ment Schumacher et al. found underadditivity of a spatial stimulusresponse compatibility effect, although stimulus-response compatibility effects have been found to be additive elsewhere (McCann & Johnston, 1992) .
Perhaps the strongest challenge to the RSB hypothesis was introduced by Hommel (1998) and elaborated by Logan and colleagues (Logan & Delheimer, 2001; Logan & Gordon, 2001; Logan & Schulkind, 2000) . Instead of looking at the effect of T1 on T2, these studies examined effects of response processes associated with input for T2 on the performance of T1. For example, in his Experiment 1, Hommel asked participants to perform two tasks on the same stimulus (a colored letter). T1 required participants to respond to the color of the letter (red or green) by pressing a left or a right response buttons, and T2 required them to respond vocally to the identity of the letter (H or S), by either the word left or right. Hommel found that participants were faster when the side of the required key press for T1 matched the required response for T2 than when the required response for T2 did not match that for T1. Clearly, backwards compatibility effects imply that response selection processes for T2 affect response selection processes for T1. That could only happen if these processes occur concurrently for T1 and T2, in contrast to the main assumption of the RSB hypothesis. Hommel (see also Lien & Proctor, 2002) proposed that at least an initial activation of response codes can be performed concurrently for T1 and T2.
These and other challenges to the RSB theory (e.g., Hazeltine et al., 2002; Luria & Meiran, 2005 Schumacher et al., 2001) have led to the development of alternative models. One class (Navon & Miller, 2002; Tombu & Jolicoeur, 2002 , 2003 views response selection, not as a bottleneck but as part of a single resource that can be divided between tasks according to task demands. The important point is that under some conditions this resource can be divided between T1 and T2 and the response selection of both tasks can occur concurrently. The predictions of the resource model for RT2 are the same as those of the RSB model and do not change whether the resource capacity is shared or not between T1 and T2. In both cases T2 performance will be negatively affected in the short SOA conditions. However, in contrast to the RSB model, this model predicts that when the central capacity is shared between the two tasks, T1 performance will also be negatively affected and RT1 will increase as well. Although these models can accommodate results that are problematic for the RSB model, they still share the main assumption of the standard view of a unitary-response selection mechanism that is shared by all types of stimuli.
A second class of contemporary dual-task models also assumes that response selection is the cause for dual-task interference in the PRP paradigm (Logan & Gordon, 2001; Meyer & Kieras, 1997a , 1997b . However, they assume that the postponement is strategic rather than structural, and the strategic control of the bottleneck is attributed to the executive functions. The SRD model (Meyer & Kieras, 1997a , 1997b ) is part of EPIC (executive process interactive control) architecture that was developed by Meyer and Kieras (1997a) to account for the vast amount of evidence on dual-task performance. The main assumption of the SRD model is that the PRP effect is the result of several executive processes, one of them is the strategic scheduling of the two tasks. According to the model, the executive system can schedule T1 and T2 at will, in accordance with task demands. Thus, additivity in the PRP paradigm will be observed when T2 is demanding and the executive functions will choose to strategically postpone T2 processing. Underadditivity in the PRP paradigm will emerge when the executive functions choose a more daring strategy and decide not to postpone the processing of T2 (e.g., after practice, Schumacher et al., 1999 , or when there is no need to perform the tasks in a particular order, Schumacher et al., 2001) .
A second theory, ECTVA (Logan & Gordon, 2001 ) is based on TVA (theory of visual attention) of Bundesen (1990) that accounts for a variety of single-task selection processes. Logan and Gordon applied their theory to a specific subset of the PRP task, when both tasks are visual and share the same task set in which the backwards compatibility effect occurs (Hommel, 1998) . In this case, TVA must run twice, once for each task. TVA could run in parallel for the two tasks. However, to prevent cross talk between the two tasks the executive functions control TVA to run twice sequentially first for T1 and then for T2 leading to the postponement in RT2. ECTVA therefore assumes that the PRP effect is a strategic choice of executive control and resembles the SRD model in this respect.
To summarize, evidence from the PRP paradigm supports the general idea of a central response selection bottleneck (Pashler, 1994) . Several contradictory results from the PRP paradigm in recent years have led to the development of several alternative models (Logan & Gordon, 2001; Meyer & Kieras, 1997a , 1997b Navon & Miller, 2002; Tombu & Jolicoeur, 2002 , 2003 . Although the alternative models are variable and try to account for different sets of data, many of them still accept the main assumption of the standard view that response selection is a unitary mechanism that is shared by all tasks and stimuli classes, whether it is structural or strategic. None of the current models has raised the possibility that an underlying modular architecture affects dual-task performance. In this paper we examine whether a modular architecture that was proposed by the DA model to explain basic findings in the singletask domain (A. Cohen & Feintuch, 2002; A. Cohen & Shoup, 1997; Magen & Cohen, 2007) can also account for results from the PRP paradigm.
The Present Study
The DA modular architecture assumes that task performance typically includes a series of response decisions. As described earlier, response conflicts can arise in any of the modules that are involved in the task. More specifically, these conflicts can arise at the target module (see Figure 1a ), or at posttarget modules (Figure 1b) . The main goal of the present experiments is to demonstrate that the distinction between target and posttarget modules (which by definition assumes an underlying modular architecture) plays a major role in explaining results from the PRP paradigm.
As far as we know there is currently a single study that is relevant for this prediction which used a standard PRP paradigm with the locus of slack method (Magen & Cohen, 2002) . In this study, T1 involved discrimination between high and low pitch tones. Two different tasks were used as T2 in two experiments. In the first experiment T2 was a standard color flanker task with manual key press responses (see Figure 1a ). Participants were required to discriminate between red and green targets that could be flanked by congruent (e.g., a red line target flanked by red lines), incongruent (e.g., a red line target flanked by green lines) or neutral (e.g., a red line target flanked by blue lines) distracters. As reviewed earlier, there is substantial evidence that the flanker effect is primarily due to a conflict occurring at the response selection stage. Therefore, the RSB model would predict that the flanker effect as T2 should be additive with the SOA between T1 and T2.
The second experiment involved two seemingly minor changes in the design of T2. Participants still had to perform the same color task for T2. The flankers however consisted of words denoting colors rather than colors, and participants had to name the target rather than respond manually. In this design there are still congruent (e.g., a red line flanked by the achromatic words red), incongruent (e.g., a red line flanked by the words green) and neutral conditions (a red line flanked by the words blue). The difference is that the conflict is between the color of the target and the content of the distracting words rather than between the color of the target and the color of the flankers, creating a Stroop effect in which the color and words are spatially separated (e.g., Kahneman & Henik, 1981; Magen & Cohen, 2007) .
From the perspective of the RSB model these changes should not affect the pattern of results. This effect, just as the flanker effect, should be additive. Note also that both tasks involve a semantic relation between the target and the distracters at the color domain, and as such may also seem similar. However, in the DA architecture the conflict in this Stroop version does not take place in the color target module (where only the target color is registered). Instead, it takes place in the posttarget verbal module and it involves a competition between two verbal representations, one activated by the distracting input word and one by the target color representation (see Figure 1b) .
The results of Magen and Cohen (2002) were very clear. The flanker effect was strongly underadditive with the SOA between T1 and T2. A normal flanker effect was observed in the long SOA condition. However, the effect was essentially eliminated in the short SOA condition. In contrast, the Stroop effect in the second task was additive. The same effect was observed in the short and long SOA conditions (see Fagot & Pashler, 1992 , for similar results). These results are puzzling for the RSB model, according to which both flanker and Stroop effects should be additive.
We propose that these results can be explained by the modular approach. More specifically, we hypothesize that there is a basic difference between conflicts that arise at the target module (e.g., these that create the flanker effect, termed here flanker-like conflicts), and conflicts that arise at posttarget modules (e.g., these that create a Stroop effect, termed here Stroop-like conflicts). Flankerlike conflicts can be resolved for T2 at the short SOA conditions, concurrently with the processing of T1, and should therefore be underadditive with SOA. Stroop-like conflicts cannot be resolved for T2 at short SOA conditions, and should therefore be additive with SOA.
Obviously, the study by Magen and Cohen (2002) is not sufficient to establish this general claim. The goal of the current paper is to provide clear and direct support for the general claim that an underlying modular architecture is necessary to explain dual-task performance. The first set of experiments aims to generalize the findings by Magen and Cohen (2002) and to show that the pattern of results in flanker-like and Stroop-like conflicts is different. Note that the distinction between flanker-like and Stroop-like conflicts is problematic for the RSB model. As reviewed earlier, there is good evidence that both conflicts primarily involve response selection processes and thus the RSB model predicts that both effects should be additive.
However, response selection processes are not directly manipulated in the Stroop and flanker tasks. One can always suggest that there is some difference in the type of response selection processes that are taxed by the conflict in the two tasks. We therefore conducted a second series of experiments in which we directly manipulated response selection processes at either the target module or posttarget modules. Again, we hypothesize that conflicts at the target module would be underadditive regardless of the nature (i.e., perception, response selection) of the conflict, whereas conflicts at posttarget modules should be additive. The RSB theory, in contrast, predicts that direct manipulation of response selection processes should always be additive.
General Method Participants
Each participant participated in two separate sessions. All participants reported having normal or corrected-to-normal vision. The participants were recruited from The Hebrew University for payment or for course credit.
Apparatus and Stimuli
Participants were tested in a dimly lit room, with their head on a chin rest. The stimuli were presented on a NEC MultiSynch 4E color monitor that was controlled by a Pentium microcomputer. All experiments were programmed using Cϩϩ. Participants viewed the display from a distance of 100 cm. The stimulus for the first task (S1) was a computer-generated tone presented at 300 or 900 Hz, and lasting 150 ms. The stimulus for the second task (S2) was visual and will be described in detail with each experiment. The luminance of the second task stimuli was approximately 20 cd/m 2 against a dark background (0.5 cd/m 2 ). In all experiments, participants responded to the tone task with their left hand by pressing one of two buttons mounted on a response board interfaced with the computer. The responses to the visual task were either manual (using their right hand) or vocal and will be described separately for each experiment.
Design
The first of the two tasks in each trial was a tone discrimination task in which participants had to decide if a tone was "high" or "low." S1 and S2 were separated by four different SOAs: 50, 150, 300, 900. Each of the four SOAs appeared in 25% of the trials. Each of the tones appeared in 50% of the trials.
Each experiment consisted of two sessions. In Experiments 1 to 3, each session was divided into eight blocks of 96 trials each, and in Experiments 4 to 6 each session was divided into eight blocks of 80 trials. In all of the experiments, participants worked through three practice blocks in the first session, prior to the eight blocks of the experiment. First they performed a block of 30 practice trials for the tone task only. Next they performed a short block of 16 trials for both tasks. Following the short demonstration block they performed a practice block of 96 trials.
Procedure
Each trial began with the presentation of an achromatic asterisk, serving as a fixation point. The fixation point appeared at the center of the screen for 250 ms. After its offset, the tone was presented at either 300 or 900 Hz for 150 ms. The visual stimulus was presented after an interval of 50, 150, 300, or 900 ms. The visual target remained on the screen until the participant responded to both tasks. Participants were instructed to respond first to the tone and then to the visual stimulus. The message "ERROR" was presented on the screen for 500 ms following incorrect responses with an added specification whether the error was on the first, second or both of the tasks. In any case, the intertrial interval was 1,500 ms.
Participants were given verbal instructions explaining the course of each trial. They were asked to respond rapidly and as accurately as possible to both tasks. In addition, they were asked specifically to respond rapidly to the tone, to discourage them from grouping the two responses and respond to both as one unit (Pashler & Johnston, 1989) .
Experiments 1 to 3
Experiments 1 to 3 use a PRP paradigm similar to that used by Magen and Cohen (2002) . The goal of the experiments is to demonstrate that all flanker-like conflicts in T2 would be underadditive whereas Stroop-like conflicts would be additive.
Experiment 1
The flanker and Stroop tasks used by Magen and Cohen (2002) differed in at least two other aspects (in addition to the modular locus of the conflict). First, the flanking stimuli in the flanker and Stroop experiments consisted of lines and words, respectively. Second, participants responded vocally to the Stroop task and manually to the flanker task. It is possible that one of these two differences caused the different pattern of results in the two experiments. Our goal in the first experiment was to generalize the results of Magen and Cohen (2002) , and demonstrate that flanker interference would lead to an underadditive pattern of results regardless of the type of flankers used (words, colors, or any other flanker type) and regardless of the mode of responses.
The second task (T2) in Experiments 1a and 1b used exclusively words denoting colors. These words served both as targets and distracters. Participants had to discriminate between two centrally presented target words and ignore the two flanking words that appeared on the target's sides. Note that the target module (where the required discrimination takes place) in this experiment is verbal. We used two versions for T2, Experiments 1a and 1b, in which the required response was manual and vocal respectively (see Table 1 ). According to the modular hypothesis, this is a flanker-like experiment because the flanker conflict takes place at the verbal target module. In both experiments, as in the Stroop task of Magen and Cohen (2002) , the flanking stimuli are words. In addition, Experiment 1b requires vocal responses.
Due to these manipulations, this experiment can differentiate between our proposed modular hypothesis and its alternatives. If the nature of the distracters in the Stroop task (color words) is the source of the additivity, we would expect to find additivity in both Experiments 1a and 1b. If the additivity observed in the Stroop task is the result of the vocal response mode, than we would expect to find underadditivity in Experiment 1a, and additivity in Experiment 1b. In contrast, we predict that the flanker effect would be underadditive in both Experiments 1a and 1b.
Method Participants. Two different groups of 25 students each participated in Experiments 1a and 1b.
Stimuli and design. The stimuli for T2 were the words red, green, and blue (in Hebrew) each consisting of four letters. Red and green served as targets and all three words served as distracters. The letters were achromatic, each measuring approximately 0.52°of visual angle in height and 0.52°in width. The target appeared at the center of the screen, flanked by two identical distracters on each side. The center to center distance between the target and distracters was approximately 2.71°of visual angle. There were three congruency conditions: In the congruent condition the target and the distracters matched (e.g. red flanked by red). In the incongruent condition the target was assigned to one response and the distracters were associated with the alternative response (e.g. red flanked by green). In the neutral condition the distracters (blue) were not associated with any response.
The PRP design resulted in a 4 (SOA) ϫ 2 (auditory targets for T1) ϫ 2 (T2 targets) ϫ 3 (congruency) ϭ 48 different target displays. In Experiment 1a participants responded to T2 manually by pressing one of two response buttons mounted on a response board connected to the computer. A voice key connected to the computer, recorded response latencies in Experiment 1b. To allow analysis of errors in Experiment 1b, the experimenter sat with the participants throughout the experiment and coded their vocal responses.
Results and discussion. The following procedures were used in all of the experiments that will be presented in this paper. Data from the first session were considered practice and will not be reported. The results from this session, although more variable, resemble those of the second session in all the reported experiments. Slow RTs were removed for each participant, first by removing all RTs greater than 3,000 ms. Of the remaining trials all RTs exceeding three standard deviations from the mean for each condition were removed. For T1 we excluded trials with incorrect responses to T1. For T2 we excluded trials with incorrect response to either T1 or T2. Mean RTs and percentage of errors were then calculated for each of the conditions. Because overall error rates resembled those of the RTs, and there was no indication of speed-accuracy tradeoff, the statistical analyses focused on mean RTs.
In Experiment 1a, 1.91 and 1.90% of the trials were removed from T1 and T2 analysis respectively due to slow RTs. These percentages for Experiment 1b, were 1.79 for T1 and 1.50 for T2. Mean RTs and percentage of errors for the first and second tasks as a function of SOA, and second task congruency are shown in Table 2 for Experiments 1a and 1b, respectively. 
Experiment 1a
T1. The effect of SOA on RTs was not significant, F(3, 72) ϭ 1.6, MSE ϭ 600.4, p Ͼ .05. The SOA manipulation did not affect T1, verifying that participants followed the instructions to focus first on T1.
T2. As can be seen in Table 2 , mean RTs were strongly influenced by the SOA manipulation. More critical for our purposes, the congruency effect was clearly underadditive with SOA. These impressions were verified by a 4 (SOA) ϫ 3 (congruency) repeated-measures analysis of variance (ANOVA). The effect of SOA on second task RT was significant, F(3, 72) ϭ 358.0, MSE ϭ 2,006.3, p Ͻ .01, showing a typical PRP effect. The congruency effect was significant as well, F(2, 48) ϭ 28.5, MSE ϭ 408.5, p Ͻ .01. Most important, the congruency effect interacted significantly with SOA, F(6, 144) ϭ 2.3, MSE ϭ 365.5, p Ͻ .05, showing that the congruency effect was underadditive with the PRP effect.
Experiment 1b
T1. The effect of SOA on RTs was significant, F(3, 72) ϭ 16, MSE ϭ 104.1, p Ͻ .05. However the RTs across the different SOAs showed a U-shape pattern, RTs for the shortest and longest SOAs being slower than the two intermediate SOA conditions. A small influence of SOA on RT1 is often observed in PRP experiments, an issue that was examined by Pashler and Johnston (1989) . Their results revealed that the dependence of RT1 on SOA does not change the basic pattern of additivity and underadditivity interaction of the second task with the PRP effect. Therefore, in the remaining experiments we will not discuss these minor changes in RT1 as a function of SOA.
T2. As can be seen in Table 2 , the results for this experiment were similar to these of Experiment 1a. A 4 (SOA) ϫ 3 (congruency) repeated-measures ANOVA confirmed this observation. The effect of SOA on T2 was significant, F(3, 72) ϭ 145.7, MSE ϭ 5,901.8, p Ͻ .01. As the SOA between the two tasks increased, mean RT for T2 decreased. The effect of congruency was also significant, F(2, 48) ϭ 6.1, MSE ϭ 567.4, p Ͻ .01, indicating a significant flanker effect. Most important, and similar to Experiment 1a, the flanker effect interacted significantly with SOA, F(6, 144) ϭ 3.9, MSE ϭ 239.6, p Ͻ .01. The vocal version of the words flanker effect also showed a clear underadditive interaction with the PRP effect.
The results of Experiment 1 are very clear. Underadditivity was obtained in an interference task in which color words served as both targets and flankers, and the response was either manual (Experiment 1a) or vocal (Experiment 1b). Thus, it appears that flanker effects would generally be underadditive with the SOA in the PRP paradigm. In addition, Experiment 1 indicates that the additivity of the Stroop effect obtained by Magen and Cohen (2002) cannot be explained by the presence of word distracters per se or by the use of vocal responses.
A closer look at all the flanker tasks used so far, here and by Magen and Cohen (2002) reveals another possible commonality. In all the congruent conditions that we used, (e.g., the word red flanked by two other reds) the target and flankers were physically identical. In contrast, the congruent condition of the Stroop task consists of different target and distracters. It is possible therefore that the homogeneity of the congruent condition in the flanker tasks used thus far led to the underadditive pattern of results. The goal of Experiment 2 was to rule out this possibility.
Experiment 2
Experiment 2 used Arabic digits and words denoting numbers as its stimuli. Words denoting numbers and Arabic digits are physically different but they represent the same entities. Moreover, there is good evidence that these two modes of representations strongly interact with each other (e.g., Dehaene & Akhavein, 1995; McCloskey, 1992) . In our terminology, such findings suggest that Arabic digits and words denoting numbers are represented within a single module, and both modes of representations possibly belong to the verbal module. The main issue is that we can create a flanker-like task (i.e., a conflict within a target module) but use physically different representations for target and distracters. In Experiment 2, participants were required to discriminate between centrally presented Arabic digits. The target was flanked by words denoting numbers that were congruent, neutral, or incongruent with respect to the response (see Table 1 ). In this design there is no physical similarity between the target and distracters in any of the congruency conditions. Yet, assuming that both target and distract- Note. RT ϭ reaction times; SOA ϭ stimulus onset asynchrony; T ϭ task.
ers are represented within a single module, the conflict in this design takes place at the target module. Thus, we predict that such a conflict should be underadditive in the PRP design. Method Participants. Twenty-five students participated in Experiment 2. Stimuli and design. The targets for T2 in Experiment 2 were the digits 3 and 4. The distracters were the digit words three, four, and five. The words three and four in Hebrew consist of four letters, and the word five consists of three letters. The letters and digits were achromatic, each measuring approximately 0.52°of visual angle in height and 0.52°in width. The center to center distance between the target and distracters was approximately 1.90°of visual angle.
The combination of targets and distracters resulted in three congruency conditions. In the congruent condition, the target and distracters matched (e.g. the digit 3 surrounded by the word three). In the incongruent condition, the target was assigned to one response and the distracters to the second response (e.g. the digit 3 surrounded by the word four). In the neutral condition the target was assigned to one response and the distracters were not assigned to any of the responses (e.g. the digit 3 surrounded by the word five). The entire PRP design consisted of 48 different combinations of tones and visual displays: 4 (SOA) ϫ 2 (auditory targets for T1) ϫ 2 (T2 targets) ϫ 3 (congruency). Participants responded manually to T2 by pressing one of two response buttons mounted on a response board interfaced with the computer.
Results and discussion. We used the same type of analysis as in the previous experiment. In Experiment 2, 2.48% and 2.03% of the trials were removed from T1 and T2 analysis, respectively due to slow RTs. The results of T1 and T2 are presented in Table 3 as a function of SOA and T2 congruency.
T1. The effect of SOA on mean RT was significant, F(3, 72) ϭ 4.2, MSE ϭ 1,084.7, p Ͻ .05. As in Experiment 1b, T1 mean RT showed a U-shape function with the SOA manipulation.
T2. We conducted a 4 (SOA) ϫ 3 (congruency) repeatedmeasures ANOVA. The effect of SOA was significant, F(3, 72) ϭ 244.0, MSE ϭ 3,875.9, p Ͻ .01, demonstrating the standard PRP effect. As expected, there was also a significant main effect of congruency F(2, 48) ϭ 16.5, MSE ϭ 780.9, p Ͻ .01. Most important, the digit flanker effect interacted significantly with SOA, F(6, 144) ϭ 6.8, MSE ϭ 340.7, p Ͻ .01, demonstrating an underadditive pattern of results.
The target and distracters in Experiment 2 were physically dissimilar as in the color Stroop task used by Magen and Cohen (2002) . However, whereas the targets and distracters in the Stroop task (words and colors) are represented in different modules, the target and distracters in Experiment 2 are represented within a single module. In accord with our prediction, the resultant conflict was underadditive with the SOA.
So far we focused on flanker-like tasks and showed that such conflicts are not sensitive to changes in mode of response, physical similarity, or type of stimuli. In Experiment 3 we examine more closely Stroop-like tasks. As detailed previously, Stroop-like conflicts take place at posttarget modules. We predicted that these conflicts should be additive with the SOA. However, as pointed out by Zhang and Kornblum (1998) , the standard Stroop task may combine a number of effects because it involves words and colors that are habitually associated with each other and involve the same conceptual domain of colors. The purpose of Experiment 3 was to demonstrate that the same additive pattern of results would be observed even when the target stimuli and the required responses are arbitrary and do not have any pre-experimental connection between them, leaving the conflict at the posttarget module as the sole source of the effect.
Experiment 3
Experiment 3 used a modified Stroop-like task as T2 (note that in Kornblum et al.'s, 1990 , taxonomy this task is considered a Simon task). The targets for this task were two colored lines. However, unlike standard Stroop task, participants were required to say the words three and four in response to the green and red targets respectively (see Table 1 ). The digits 3, 4, and 5 were used as flankers, leading to three congruency conditions. A red target flanked by 4s is a congruent condition because the response to red is "four" and the digit 4 is compatible with it. A red target flanked by 3s is an incongruent condition because the response to red is "four" and the digit 3 is not compatible with it. A neutral condition was defined when any of the targets was flanked by 5s, which was not part of the response set. According to the DA model this task is a variation of a Stroop task because the resultant conflict does not take place in the (color) target module but in the posttarget (presumably verbal) module. Therefore, we expected this effect to interact additively in the PRP paradigm similarly to the standard Stroop effect (Magen & Cohen, 2002) .
Method Participants. Twenty-five students participated in this experiment. Note. RT ϭ reaction times; SOA ϭ stimulus onset asynchrony; T ϭ task.
Stimuli and design. The target was a colored vertical line (either red or green) subtending approximately 0.52°of visual angle in length and 0.03°in width, which appeared at the center of the screen. The distracters were the digits 3, 4, or 5. The digits were achromatic, each measuring approximately 0.52°of visual angle in height and 0.52°in width. The distracters appeared on the two sides of the target and were always identical. The center-tocenter distance between the target and distracters was approximately 1°of visual angle. The combination of the targets and flankers resulted in three congruency conditions as described above. The overall PRP design resulted in a 4 (SOA) ϫ 2 (T1 targets) ϫ 2 (T2 targets) ϫ 3 (congruency) ϭ 48 different combinations of target displays. Participants responded vocally to the second task, and the vocal response was registered by a voice key interfaced with the computer. The experimenter sat with the participants throughout the experiment and scored their vocal responses.
Results and discussion. In Experiment 3, 2.22% of the trials were removed from T2 analysis due to slow RTs. Mean RT for the first and second tasks as a function of SOA between the first and second tasks and the congruency of the second task are shown in Table 4 .
T1. The effect of SOA on mean RTs was significant, F(3, 72) ϭ 13.43, MSE ϭ 342.3, p Ͻ .01, although it was relatively small (28 ms difference between the 50 ms and 900 ms SOA conditions).
T2. The two main effects in a 4 (SOA) ϫ 3 (congruency) repeated-measures ANOVA were significant, F(3, 72) ϭ 200.4, MSE ϭ 6,270.1, and F(2, 48) ϭ 35.3, MSE ϭ 1,591.4, for the SOA and congruency effects, respectively, p Ͻ .01, for both. However, and most critical for the present purposes, the interaction between the congruency and the PRP effects did not approach significance, F(6, 144) Ͻ 1, MSE ϭ 550.8. As predicted, the posttarget module effect of Experiment 3 was additive with the PRP effect.
Summary of Experiments 1 to 3
According to the modular architecture suggested by the DA model, response-related conflicts can take place at either target or posttarget modules, termed here flanker-like and Stroop-like conflicts. The results of this set of experiments and the results reported by Magen and Cohen (2002) demonstrate that flanker-like conflicts are underadditive with SOA whereas Stroop-like conflicts are additive with SOA. Thus, the distinction between target and posttarget modules appears to be necessary to explain the PRP results, reinforcing our claim that an underlying modular architecture is essential for explaining dual-task performance as well as single-task performance.
The combined results from the present set of experiments and from those reported by Magen and Cohen (2002) are not consistent with the RSB model. As reviewed earlier, it is commonly agreed that both flanker and Stroop-like conflicts primarily involve response selection processes. The RSB model predicts that the resolution of response selection conflicts would be additive with the SOA. The findings that flanker-like conflicts are underadditive with SOA are not consistent with this prediction.
However, there is evidence that flanker conflicts may also involve perceptual processes (see A. Cohen & Shoup, 1993 , for reviews). Most models of dual-task performance assume that perceptual conflicts would be underadditive in the PRP paradigm. Proponents of the RSB model may claim that the perceptual component of the flanker conflict can be resolved simultaneously with the performance of T1, leading to the underadditive pattern of results. This explanation is tenuous at best. It predicts that at least the response selection component of the flanker conflict should be apparent in the short SOA conditions. In contrast to this prediction, the flanker effect was essentially eliminated in the short SOA conditions of our experiments. Nevertheless, this issue underscores the point that there is no direct evidence that the flanker conflicts in our experiments do involve response selection processes. Recall that similar claims have been raised about previous studies with this approach (e.g., Schumacher et al., 1999) .
Another potential confound that may have led to the different results in Experiments 1 to 3, is a difference in the relation between the target and distracters used in Experiments 1 and 2 and the relation between the target and distracters used in Experiment 3. The stimuli in Experiments 1 and 2 shared the same domain, either colors in Experiment 1 or digits in Experiment 2. By contrast, the stimuli in Experiment 3 were colors (the targets) and digits (the distracters) and were related to each other only through the response mapping. Thus, one could claim that the underadditive effects in Experiments 1 and 2 were based on some form of perceptual or semantic interaction and the additive effect in Experiment 3 involved a conflict at the response level. However, this potential confound cannot explain some of the additional findings described earlier. If this assumption was correct than the Stroop effect (Magen & Cohen, 2002 ; see also Fagot & Pashler, 1992) Note. RT ϭ reaction times; SOA ϭ stimulus onset asynchrony; T ϭ task.
should have been underadditive as well. The stimuli in the Stroop task also shared the same domain (color, through color print and color words), yet this effect was additive in the PRP paradigm.
According to the DA model the additive effects in the Stroop-like conflicts which include Experiment 3 and the previous findings using a Stroop task as T2 (Fagot & Pashler, 1992; Magen & Cohen, 2002) occur because the conflict takes place at a posttarget module. Flanker-like conflicts such as those observed in Experiments 1 and 2 are underadditive because they occur at the target module. Nevertheless, although this set of experiments provides a strong support for the modular architecture, it does not directly contradict the claim that a central response selection mechanism is a bottleneck stage for dual-task performance. The purpose of the second set of experiments is to directly examine this latter issue.
Experiments 4 to 6
The main goal of this set of experiments is to directly manipulate response selection processes of the second task in the PRP paradigm. According to our hypothesis, the nature of the conflict (e.g., whether it is perception based or response based) does not have any bearing on whether it can be resolved in the short SOA conditions. Instead, we claim that the locus of the module (target versus posttarget module) is the determining factor. In Experiments 4 and 6 we manipulated response selection processes at the target module whereas in Experiment 5 we manipulated response selection processes at the posttarget module. We predict that the former will be underadditive with the SOA whereas the latter would be additive. The RSB theory predicts that both conflicts would be additive.
The input for T2 in Experiments 4 and 5 consisted of a prime word denoting a color, which was immediately followed by a central colored line that served as the target (see Table 1 ). Four different colors were used as targets in the experiments, and four words denoting these same colors were used as primes. This task could be viewed as a Stroop task in which the target and distracters are separated temporally. The main manipulation of T2 in the two experiments concerned the relation between the priming word and the color target, and the type of the required response for the target.
T2 display in Experiment 6 also consisted of a prime word, denoting one of two categories (letters or digits) followed by a target that could be either a letter (P, S, or Z) or a digit (3, 7, or 9; see Table 1 ). The category membership also defined the response, so all letters were assigned to one response and all digits to a second response. We describe each experiment in turn.
Experiment 4
Participants in this experiment were asked to respond in T2 to four colors with one of two manual responses. Two colors (e.g., red and green) were mapped to one response, and two colors (e.g., blue and yellow) were mapped to the second response. Each target appeared equally often. The preceding word target matched the color of the target on 70% of the trials. In the remaining trials it denoted with equal proportion (10% each) one of the other three possible colors. This manipulation created three different conditions (see Figure 3 ): In the congruent condition, the color target matched the color word distracter (e.g., a red target following a red distracter). In the incongruent same response (SR) condition the distracter pointed to a different color than the target, but both were associated with the same response (e.g., a green target following a red distracter). In the incongruent-different response (DR) condition the color of the target differed from the color denoted by the word distracter, and the target and distracters were associated with alternative responses (e.g., either a blue or a yellow target following a red distracter).
The higher frequency of the congruent condition was designed to encourage participants to use the word as a prime. Virzi and Egeth (1985) used a similar design and showed that increasing the proportion of congruent trials encouraged participants to use the prime. More important for our purposes, the relative frequency of the displays in the remaining two conditions was identical.
Previous studies with a similar task performed in isolation (Di Pace, Marangolo, & Pizzamiglio, 1997), as well as a pilot study in our lab, showed that participants are fastest in the congruent condition, intermediate in the SR condition, and slowest in the DR condition. The facilitation of the congruent condition over the SR condition can be explained by perceptual factors. Although the cue in our design (a word) was not physically similar to the target (a colored line), it is still possible that the content of the word primed perceptual processes involved in color identification. In any case, the difference between these two conditions cannot be explained by purely response-related processes because the two conditions are associated with the same response. The critical comparison for our purposes is that between the SR and DR conditions. The difference between these two conditions can only be explained by priming of response-related processes because the only possible reason for this advantage is the membership in the response category (see also Di Pace et al., 1997) . In other words, the difference between the SR and DR conditions can be viewed as a direct manipulation of response selection processes. Our main interest is to examine the pattern of the congruency conditions of this task when it is used as T2 in the PRP paradigm. Participants were encouraged to use the color word prime. To do so in the DA model terminology, the word prime must be translated from the verbal module to the target module where it could interact with the color target. Thus, as illustrated in Figure 4 , the congruency manipulations operate on the (color) target module.
Most existing models predict that the difference between the congruent and SR condition would be underadditive because this condition may involve perceptual processes. Our main focus is on the difference between the SR and DR conditions, a difference that can only be ascribed to response selection manipulation. The RSB model strictly predicts that this difference should be additive with the SOA. By contrast, the DA model predicts that this difference should be underadditive because the effect takes place at the color target module.
Method Participants. Twenty-six students participated in Experiment 4. Stimuli and design. The prime words consisted of one of the Hebrew words for red, green, yellow, or blue, each consisting of four letters. Each letter measured approximately 0.52°of visual angle in height and 0.52°in width. The target was a colored line (red, green, yellow, or blue) subtending approximately 0.52°of visual angle in length and 0.03°in width. All stimuli were presented at the center of the screen.
We used a 4 (stimuli) to 2 (manual responses) mapping. The distracter-target combination led to three conditions (see Figure 3) . In the congruent condition, the distracter and target were the same color. In the SR condition the distracter and target were different colors, but both were associated with the same response. In the DR condition, the color of the target differed from the distracter color and was associated with the alternative response. The distracter was congruent on 70% of the trials. Each of the other three colors followed the cue in 10% of the trials, ensuring that the various displays of these conditions appeared equally often. As a result, the SR and DR conditions occurred in 10% and 20% of the trials, respectively.
In this PRP design there were 32 different trials, 4 (SOA) ϫ 2 (auditory targets) ϫ 4 (second task targets) without consideration of the prime. Because 70%, 10%, and 20% of each type of trial had to be congruent, SR or DR, respectively, the design resulted in a block of 32 (different trials) ϫ 10 (primes) ϭ 320 trials. Accordingly, each session consisted of two blocks of 320 trials in which each possible combination appeared once. We divided each of the two blocks to four subblocks of 80 trials each. The participants received a short break after each of the eight subblocks.
The prime word for T2 appeared at the center of the screen for 100 ms, and was replaced by the target. The same four SOA conditions were used in the present experiment as in previous experiments. Because the prime preceded the target by 100 ms, the SOAs between T1 and the T2 distracter were actually -50, 50, 200, and 800 ms. We ran two versions of the experiment each with 13 participants, which differed only in the assignments of colors to responses. In one version the colors red and green were assigned for the first response, and blue and yellow for the second response. In the second version, green and blue were assigned for the first response and red and yellow for the second response.
Results and discussion. The results of the two versions were similar, and they were combined for the analyses presented here. We removed 2.10% and 1.69% of the trials from T1 and T2 analysis, respectively due to slow RTs. Table 5 presents the mean RTs and percentage of errors for T1 as a function of the SOAs, and the mean RTs and percentage of errors for T2 as a function of both SOA and the two congruency effects.
T1. The effect of SOA on RTs was significant, F(3, 75) ϭ 7.94, MSE ϭ 997.3, p Ͻ .01.
T2. We present the results of the two effects separately. The color congruency effect was assessed by the difference in mean RT between the congruent and the SR conditions. The response prim- ing effect was assessed by the mean RT difference between the SR and DR conditions.
Color congruency effect. We performed a 4 (SOA) ϫ 2 (color congruency) repeated measures ANOVA on the mean RTs. The effect of SOA was significant, F(3, 75) ϭ 184.97, MSE ϭ 4,594.0, p Ͻ .01, demonstrating the typical PRP effect. The color congruency effect was significant, F(1, 25) ϭ 16.0, MSE ϭ 2,861.4, p Ͻ .01. The color congruency by SOA interaction was significant as well, F(3, 75) ϭ 2.72, MSE ϭ 1,739.3, p Ͻ .05. The color congruency effect was reduced significantly in the short SOA compared to the long SOA conditions. As stated earlier, this underadditive pattern of results is predicted by all major theories of dual-task performance.
Response priming effect. Again, we performed a 4 (SOA) ϫ 2 (response priming) repeated measures ANOVA on the mean RTs. The effect of SOA was significant, F(3, 75) ϭ 85.50, MSE ϭ 7,366.9, p Ͻ .01, showing the PRP effect. The response priming effect was significant as well, F(1, 25) ϭ 17.17, MSE ϭ 5,416.3, p Ͻ .01. Most important, the response priming by SOA interaction was also significant, F(3, 75) ϭ 4.10, MSE ϭ 2,157.7, p Ͻ .01. The response priming decreased significantly in the short SOA compared to the long SOA conditions. In other words, the response selection manipulation on T2, as assessed by the difference between the SR and DR conditions displayed a clear underadditive pattern of results with the SOA. This finding contradicts the prediction of the RSB theory and is in accord with our predictions.
Our interpretation of the results is contingent on the assumption that the prime word is processed in the short SOA conditions. A possible alternative interpretation is that participants simply did not process the word in the short SOA conditions. This interpretation is unlikely for a number of reasons. First, in the very short SOA condition the word was actually presented 50 ms ahead of the auditory tone, giving the participants ample time to process the word before dealing with the auditory task. Yet, the magnitude of the priming in this condition was the lowest. In addition there is also evidence that semantic priming by words operate in the short SOA conditions (e.g., McCann, Remington, & Van Selst, 2000) . Nevertheless, it seems desirable to provide direct evidence that the prime word is processed in the short SOA conditions. Even more important, as stated earlier, the DA model predicts that manipulation of response selection processes that operate on posttarget modules would be additive. The purpose of Experiment 5 is to test this prediction. In doing so we also provide direct evidence that the prime word is processed in the short SOA conditions.
Experiment 5
Experiment 5 was identical to Experiment 4 with three critical changes. First, the mode of response was changed. The purpose of Experiment 5 was to examine a (verbal) posttarget module effect. To do so, we required participants to name the color targets. Second, changing the response mode inevitably changed the stimulus to response mapping (i.e., each color target could be assigned to just one verbal label). Thus, participants in this experiment vocally named the four colors, creating a 4 (color targets) ϫ 4 (vocal responses) mapping. Third, the proportion of the congruent and incongruent conditions was changed. In the present experiment the prime word did not provide information concerning the target. Instead, each of the four colors was equally likely to follow the prime. This change was done to discourage participants from using the prime as a predictor of the target. This change is important because, if participants do not use the prime to predict the target, it will not be translated to the color module (cf. Virzi & Egeth, 1985) , and consequently there will not be any conflict at the color target module.
These changes in the design led to only two congruency conditions. On 25% of the trials the prime word matched the target, creating the congruent condition. On the remaining 75% of the trials the prime word did not match the color target, resulting in an incongruent condition. More fundamental for our purposes, the change in the design led to two theoretical changes from Experiment 4. First, to the extent that participants will not use the prime to predict the target, the different congruency conditions should not have an effect on the color target module in which the color discrimination task is performed. And most critical, the requirement to name the color could create now a conflict at the posttarget verbal module between the input word and the required response (see Figure 5 ). This conflict would arise in the incongruent condition in which the required response differs from the prime word. Thus, we expect that the irrelevance of the prime word will prevent it from interfering with the target in the color module. Nonetheless, it should interfere with the translated color target in the verbal module in which the prime is registered (see Figure 5) . Moreover, because this conflict takes place at the posttarget module, we Note. RT ϭ reaction times; SOA ϭ stimulus onset asynchrony; T ϭ task; SR ϭ same response; DR ϭ different response.
predict that it should be additive with the SOA conditions. The conflict at the posttarget module would be inevitable because the verbal response can only be done by activating the relevant representation in the verbal module, and the irrelevant prime is registered there as well. Therefore, we expect this effect to arise and to be additive in the PRP paradigm. Method Participants. Twenty five students participated in Experiment 5. Stimuli and design. The stimuli were identical to those of Experiment 4. Participants named the color. This design led to two conditions, the congruent condition in which the prime word matched the target color, and the incongruent condition in which the prime word and target color did not match. Each word was followed equally often by each of the four target colors. As a result 25% of the trials were congruent and 75% of the trials were incongruent. This design consisted of 4 (SOA) ϫ 2 (auditory targets) ϫ 4 (second task targets) ϫ 4 (second task distracters), creating 128 different trials. Each session consisted of five blocks of 128 trials. The participants had a break every 64 trials.
The participants' vocal responses were collected using a voicekey interfaced with the computer. The experimenter scored the vocal responses throughout the experiment.
Results. In Experiment 5, 1.90% and 2.10% of the trials were removed from T1 and T2 analysis, respectively due to slow RTs. Mean RTs and percentage of errors for T1 and T2 are shown in Table 6 , as a function of SOA between the first and second tasks and congruency of the second task.
T1. The effect of SOA on RTs was significant, F(3, 72) ϭ 5.8, MSE ϭ 763.7, p Ͻ .01, although it was relatively small (25 ms difference between the 50 ms and 900 ms SOAs).
T2. The two main effects in a 4 (SOA) ϫ 2 (congruency) repeated measures ANOVA were significant, F(3, 72) ϭ 214.6, MSE ϭ 3,237.7, and F(1, 24) ϭ 41.4, MSE ϭ 1,817.4 for the SOA and congruency effects respectively, p Ͻ .01 for both. Most important, the interaction between the congruency and the PRP effects did not approach significance, F(3, 72) Ͻ 1, MSE ϭ 514.0. Unlike Experiment 4, the conflict created in Experiment 5 was additive with the PRP effect.
The interference effect in Experiment 5 was additive in the PRP paradigm, and differed from the underadditive effect observed in Experiment 4. These results support the claim that all effects that occur at the posttarget module would be additive in the PRP paradigm. The lack of any hint of underadditivity in Experiment 5 suggests that, as expected (Virzi & Egeth, 1985) , participants did not find the prime relevant and did not translate it into the color module, which would have created an interference effect there as well (dashed line in Figure 5 ). Note that participants did process the irrelevant prime in the verbal module. The existence of a substantial interference effect at all SOA conditions in Experiment 5 indicates that participants processed and activated the representation of the word prime in the verbal module, leading to a conflict with the translated color target at this posttarget module (see Figure 5) .
As mentioned earlier, the stimulus to response mapping in experiment 5 was changed as well with respect to Experiment 4 due to changes in the response mode. As a result, it could be claimed that this difference caused the different pattern of results in Experiments 4 and 5. However, it is unclear how this factor may Note. RT ϭ reaction times; SOA ϭ stimulus onset asynchrony.
have influenced the results. As far as we know there is no theoretical reason that would suggest different results in the PRP paradigm between T2s with 4:2 and a 4:4 stimulus-to-response mappings. Moreover, we are not aware of any findings in the literature that are in accord with this possibility. Thus, we believe that this potential confound did not play a role in the differential results of Experiments 4 and 5.
Comparison of experiments 4 and 5. Because we predicted an underadditive and additive pattern of results for Experiments 4 and 5, respectively, we conducted an additional ANOVA to directly compare the results of Experiments 4 and 5. In this ANOVA we compared the overall congruency effect in Experiment 4 (by comparing the DR and the congruent conditions) to the congruency effect in Experiment 5. These two effects are equal because they both consists a color congruency effect, and a response congruency effect. The results of a 2 (Experiments 4 & 5) ϫ 4 (SOA) ϫ 2 (congruency) mixed-design ANOVA confirmed our prediction: The main effect of SOA was significant, F(3, 147) ϭ 327.8, MSE ϭ 3,031.4, p Ͻ .01, as was the main effect of congruency, F(1, 49) ϭ 95.8, MSE ϭ 3,265.1, p Ͻ .01. The SOA ϫ congruency interaction was also significant, F(3, 147) ϭ 10.3, MSE ϭ 1,162.8, p Ͻ .01. In accord with our prediction, the SOA ϫ congruency ϫ experiment interaction was also significant, F(3, 147) ϭ 7.1, MSE ϭ 1,162.8, p Ͻ .01. This triple interaction further indicates that the SOA ϫ congruency interaction differed significantly between the two experiments being underadditive and additive in Experiments 4 and 5, respectively.
The results of Experiments 4 and 5 further support the claim that an underlying modular architecture is essential for explanation of dual-task performance. Moreover, they provide strong evidence that resolution of conflicts occurring at T2 during performance of T1 are not related to the nature (i.e., perception, response selection processes) of the conflicts, but are rather related to the locus of the module (i.e., target versus posttarget modules). These results are consistent with and support the predictions of the DA model. In contrast, these findings appear to directly contradict predictions of the RSB theory.
Experiment 6
The results of Experiment 4 appear to directly challenge the RSB model. The effect of response priming at the target module was strongly underadditive. Experiment 6 was designed to reinforce this conclusion with a different form of response priming. Participants performed a categorical classification for T2. Three digits (3, 7, 9) were assigned to one response and three letters (P, S, Z) to the second response. The letters and digits were perceptually similar to encourage the participants to respond on the basis of the semantic category and not perceptual differences. As in Experiments 4 and 5, a cue preceded the target. The cue denoted either the category digit or letter and was predictive of the response on 80% of the trials. The combination of primes and targets led to two different conditions. In the congruent condition, the prime and the target belonged to the same category (e.g., the prime word letter followed by one of the letters). In the incongruent condition, the prime pointed to one category and was followed by a stimulus from the other category (e.g., the prime word letter followed by one of the digits). There is direct evidence that letters and digits are processed within the same module (see A. Cohen & Shoup, 1997) , possibly as part of the verbal module. Because each category was associated with a different response, we assumed that the cueing would lead to response priming. Therefore, the task in Experiment 6 created a response conflict at the module containing the letters and digits. This logic is identical to that used in Experiment 4. We hypothesized that this effect would be underadditive in the PRP paradigm similar to Experiment 4.
Although we assume that the category cueing would lead to response priming, it is also possible that the cue primes processing of the category rather than its associated response. To examine this issue, we performed a pilot study with two groups of participants. Both groups performed a single task. One group was assigned the categorical task as just described. The other group was assigned two letters and one digit (S, Z, 9) to one response and two digits and one letter (3, 7, P) to another response. Both groups received the same primes (either digit or letter). The prime indicated the correct target category on 80% of the trials. Note, however, that it was associated with the response only for the first group. For the second group, two members of each category were associated with one response and another member was associated with the alternative response (the unique member). If the prime simply facilitates the categorical processing, it should be equally valid for both groups.
The results of this pilot study are shown in Table 7 . As can be seen in Table 7 , priming for the first group was very effective and led to a substantial congruency effect. The pattern of results is very different for the second group. The effect of priming was much smaller. Most relevant for us, this priming appears to be largely mediated by the response. The priming was effective (albeit to a much lesser extent) for the two members of the cued category that belonged to the same response, and was very small (12-ms difference) for the unique member of that category. These results reinforce our assumption that the cueing manipulation primes the response.
Method Participants.
Twenty-four students participated in Experiment 6.
Stimuli and design. Like Experiments 4 and 5, the stimuli for T2 consisted of a cue and a target. The cue was the Hebrew word for digit (consisting of four letters) or for letter (consisting of three letters). The targets were either digits (3, 7, 9) or letters (P, S, Z). Each letter (cues and targets) and digit subtended approximately 0.52°of visual angle in height and 0.52°in width. We used a 6 Note. RT ϭ reaction times.
(stimuli) ϫ 2 (response) mapping. Each letter or digit was preceded by a cue that indicated one of the two categories. On 80% of the trials the cue indicated the category of the following target (the congruent condition). On the remaining 20% of the trials the cue indicated the other category (the incongruent condition). The cue for T2 appeared at the center of the screen for 100 ms, and was replaced by the target. S1 and S2 were separated by the same four SOAs as in previous experiments. Each of the four SOAs appeared in 25% of the trials. There were 32 different trials, 4 (SOA) ϫ 2 (auditory targets) ϫ 2 (S2 category) ϫ 2 (congruency). The three targets for each category were chosen randomly on each trial. The 32 different trials and 80% validity resulted in a minimal block of 160 trials. Each session consisted of four blocks of 160 trials. As in Experiment 4 we divided each block to subblocks of 80 trials.
Participants responded vocally to the second task. The vocal response was registered by a voice-activated device interfaced with the computer. The category was the defining feature for the response. Participants had to say two arbitrary words in response to T2, the Hebrew word for white when the target was a digit, and the Hebrew word for black when the target was a letter. The experimenter sat with the participant throughout the experiment and keyed their vocal responses.
Results and discussion. We removed 1.97% and 2.12% of the trials from T1 and T2 analysis, respectively due to slow RTs. Table 8 presents the mean RTs and percentage of errors for T1 as a function of the SOAs, and the mean RTs and percentage of errors for T2 as a function of both SOA and the two congruency conditions.
T1. The effect of SOA on RTs was not significant, F(3, 69) ϭ 2.56, MSE ϭ 696.7, p Ͼ .05.
T2. We performed a 4 (SOA) ϫ 2 (response cueing) repeatedmeasures ANOVA on the mean RTs. The effect of SOA was significant, F(3, 69) ϭ 178.80, MSE ϭ 4,629.9, p Ͻ .01, showing the standard PRP effect. The response cueing effect was also significant, F(1, 23) ϭ 31.26, MSE ϭ 2,338.9, p Ͻ .01. Most important, the response cueing by SOA interaction was significant, F(3, 69) ϭ 6.12, MSE ϭ 1,163.4, p Ͻ .01. Consistent with our hypothesis, the results of Experiment 6 show a clear underadditivity of the response cueing effect.
General Discussion
This paper examines the hypothesis that an underlying modular architecture, as proposed by the DA model, plays an important role in the explanation of major findings in dual-task performance. According to the DA model there is no central response selection mechanism. Instead, task performance includes a series of response decisions involved in the transfer of information between modules. This approach is contrasted with a dominant theory of dual-task performance, the RSB model (Pashler, 1994) , according to which dual-task costs are the result of a central response selection mechanism that constitutes a bottleneck stage during task performance.
The results of this study strongly support an underlying modular architecture, and pose serious difficulties for the RSB model. Experiments 1 to 3, as well as previous findings by Magen and Cohen (2002) demonstrate that flanker-like conflicts are underadditive in the PRP paradigm, whereas Stroop-like conflicts are additive. Experiment 1 indicated that underadditivity of target module effects is observed with verbal stimuli and with manual as well as with vocal responses. Experiment 2 indicated that the underadditivity of target module effects is maintained even when the target and flankers are dissimilar (i.e., digits and digit words). In Experiment 3 a Stroop-like posttarget module conflict was found to be additive in the PRP paradigm. To account for these results, one must assume that there is a fundamental difference between conflicts occurring at the target module and conflicts that take place at posttarget modules. This assumption presupposes an underlying modular architecture. These findings are problematic for the RSB model because there is evidence that both flanker-like and Stroop-like conflicts are response based and the RSB model predicts that both should be additive with SOA.
However, as noted before, Experiments 1 to 3 did not directly manipulate response selection processes and we therefore conducted three additional experiments in which response selection processes were directly manipulated. In Experiments 4 and 6 we manipulated the response conflict at the target module and in Experiment 5 we manipulated the response conflict at the posttarget module. According to our hypothesis, the former should be underadditive and the latter should be additive. The RSB model predicts that all three conflicts should be additive. The results strongly support our hypothesis and pose a direct challenge for the RSB model.
The underadditivity of the response selection processes in our experiments demonstrate that response selection processes can occur concurrently for the first and second tasks in the PRP paradigm. Previous findings (Hommel, 1998; Logan & Gordon, 2001) showed concurrent response selection processes when T1 Note. RT ϭ reaction times; SOA ϭ stimulus onset asynchrony. and T2 have identical or similar stimulus-response mapping. Our findings demonstrate simultaneous response selection processes for T1 and T2 even when the first task was an auditory task that required a manual response and the second task was a visual task requiring a verbal response (Experiment 1b).
None of the other current PRP models can easily account for the present set of data without assuming an underlying modular architecture. The SRD model (Meyer & Keiras, 1997a , 1997b postulates that response selection processes could be underadditive in the PRP paradigm when T2 is easy, and participants choose to process T1 and T2 concurrently. However, there is no reason to assume that the Strooplike tasks that we used are more difficult than the flanker-like tasks. To account for the present results, the view of response selection as part of a unitary central resource (Navon & Miller, 2002; Tombu & Jolicoeur, 2002 , 2003 would have to explain why this central resource can be divided between T1 and T2 with flanker-like conflicts and cannot be divided between T1 and T2 with Stroop-like conflicts. Moreover, as described earlier (see Magen & Cohen, 2007) an underlying modular architecture also nicely account for major findings in single-task interference paradigms. The present results add further support to this assumption.
Although our findings support the hypothesis that there is a fundamental difference between conflicts at target and posttarget modules, they do not provide an explanation as to why target module conflicts can be resolved at short SOA conditions whereas posttarget modules cannot be resolved under similar conditions. Below we outline a possible tentative explanation for this difference but this issue clearly requires more research.
Consider first flanker-like conflicts that take place at the target module in which all the stimuli are registered from the input array. Several lines of evidence suggest that stimuli in visual modules are registered with their location information (Ashby, Prinzmetal, Ivry, & Maddox, 1996; A. Cohen & Ivry, 1989 Johnston & Pashler, 1990) . Given that both target and distracters have associated location tag, this information can be used as a cue for the resolution of the conflict between the target and the distracters. It is widely assumed that such selection is performed by space-based visual attention (e.g., Posner, Snyder, & Davidson, 1980) , possibly by boosting activation of stimuli in the attended location. In the flanker-like paradigm used in our study, visual attention can focus in advance on the location of the target, and the additional boost to the target would enable it to win the ensuing competition with the distracters. Several lines of evidence support the role of visual attention in the resolution of the response conflict in the flanker task. LaBerge, Brown, Carter, Bash, and Hartley (1991) showed that flanker interference may be reduced and sometimes even entirely eliminated when participants focus their attention more narrowly on the target's location. Gratton, Coles and Donchin (1992) showed that the flanker congruency effect is contingent on narrowing the focus of visual attention. In addition, several existing models of the flanker task (A. Cohen & Shoup, 1997 , 2000 J. D. Cohen, Servan-Schreiber & McClelland, 1992; LaBerge, 1994) assume that visual attention is instrumental in the resolution of the response conflict in the flanker task.
Given this consideration, one can account for the underadditivity of flanker-like conflicts by assuming that space-based visual attention can operate on T2 even at the short SOA conditions. In fact, there is evidence in support of this assumption. Pashler (1991) showed that visual attention could operate concurrently with the processing of T1 (see also Johnston et al., 1995) . In the terminology of the PRP, any processes that are carried out by visual attention should interact underadditively in the PRP paradigm. Thus, if the response conflict in the target module is resolved by visual attention, and visual attentionrelated effects are underadditive in the PRP paradigm, then the target module effects should be underadditive in the PRP paradigm. The results of the present study and those of Magen and Cohen (2002) support this assumption. All target module effects were underadditive, regardless of other task manipulation.
Consider now Stroop-like conflicts. These conflicts also involve competition between the responses elicited by the distracter(s) and the target (see Figure 1b) . Note, however, that perception of the target occurs in one module and the response conflict occurs in another module. Although information of the target is translated from the target module to the posttarget module, there is no reason to believe that this information also include the associated location tag of the target. In other words, the posttarget module may have information about the target but it does not have any information about its location. Therefore, because the conflict resolution must involve the module in which the conflict takes place, and because the target representation in this module does not have spatial information, space-based visual attention cannot be used to resolve the conflict. In this case, other mechanisms are necessary to resolve the response conflict. The additivity of Stroop-like conflicts implies that the mechanism in charge of their resolution cannot operate concurrently while T1 is processed. Further research is required to delineate this specific mechanism. Note that we assume that flanker and the Stroop-like effects involve conflicts at the response level and both engage mechanisms of response conflict resolution. Our findings of additivity and underadditivity of flanker and Stroop-like effects suggest that the resolution of the response conflict is fundamentally different between these two types of effects.
According to this hypothesis, the availability of location information for conflict resolution is the important factor in determining the underadditivity of the response conflict at the target module (where it is available) or additivity at the posttarget module (where it is not available). This hypothesis predicts that if target location information could be available at the posttarget module, than posttarget module effects could in fact be underadditive in the PRP paradigm. There is in fact some evidence for this prediction with a response conflict effect known as the Simon effect (Craft & Simon, 1970) .
In a typical Simon task (which we term spatial Simon) participants are instructed to respond to a nonspatial stimulus such as color, with a spatially arranged response buttons. For example, participants respond to a green stimulus by pressing the left button and respond to a red stimulus by pressing the right button. When the target appears on the side of the assigned response button (the green target appeared on the left side), reaction time is faster than when the target appears on the opposite side (the green target appeared on the right side). The reaction time difference between these two conditions is the spatial Simon effect. The conflict in the spatial Simon effect occurs between the irrelevant spatial location of the target and the spatial location of the response. In our terminology the spatial Simon is a posttarget module effect.
There is good evidence that the Simon effect is also due to response selection processes (see Lu & Proctor, 1995 , for a review), thus according the RSB model the spatial Simon effect should be additive in the PRP paradigm. However, because the spatial Simon effect involves location information, space-based visual attention can be involved in its resolution by focusing on the location of the required response, thereby facilitating the correct response. In accordance with this account, three previous studies that examined the spatial Simon effect as T2 in the PRP reported underadditivity of the Simon effect with the SOA manipulation (Lien & Proctor, 2000; Magen & Cohen, 2005; McCann & Johnston, 1992) .
Moreover, according to our hypothesis, the underadditivity of the Simon effect should be specific to the standard spatial Simon effect. In contrast, nonspatial Simon effects should be additive in the PRP paradigm. Magen and Cohen (2005) examined a color version of the Simon effect. Participants were asked to respond to a centrally presented shape (either X or O) using colored response keys embedded on a touch screen. Participants responded to the shape by touching a colored square (either red or green) that was a marked response area on the touch screen. Participants responded to O by touching the green square, and responded to X by touching the red square. The distracting feature in the task was an irrelevant color of the shape (either red or green). This design created two conditions. In the congruent condition the target's irrelevant color matched the color of its assigned response (e.g., O, assigned to the green button, presented in green), and in the incongruent condition the target color did not match the color of its assigned response (e.g., red O). Note that according to the DA model, this effect is a post-target module effect in the color module. Contrary to the underadditivity of the spatial Simon effect, Magen and Cohen (2005) found an additive interaction between the color Simon and the PRP effect. The results of Magen and Cohen (2005) provide further support for the hypothesized importance of location cues in response conflict resolution at the target module. In addition, they provide yet another example of an additive effect of a nonspatial (color) posttarget module effect.
Difficulties for the DA Model Approach and Alternative Interpretations
Although the modular assumption of the DA model nicely accounts for the additive/underadditive effects in the PRP paradigm, it does not explain the very basic PRP effect. T1 and T2 in a standard PRP paradigm are typically very different (e.g., in our experiments T1 is a tone task and T2 is a visual task). Yet, response for T2 is considerably slower in the short SOA conditions, suggesting that participants are still limited in performing two tasks concurrently in the PRP paradigm. From a modular point of view, two tasks that do not share modules (as is probably the case in such different T1 and T2) may be performed concurrently. As reviewed earlier, several models (e.g., Logan & Gordon, 2001; Meyer & Kieras, 1997a , 1997b suggest that T2 is postponed for strategic reasons, and that the executive functions are involved in this postponement. The reasons for this postponement are not clear. Some researchers suggested that the need to always respond first to T1 is the main cause for the postponement of T2 (Hazeltine, Ruthruff, & Remington, 2006; Hazeltine et al., 2002,; Schumacher et al., 2001 , but see Levy & Pashler, 2001 ). Our present results suggest that regardless of the explanation for the postponement of T2, it has nothing to do with a response selection bottleneck.
Given, however, that the basic PRP effect is not fully explained by the DA model, alternative interpretations of the results need to be kept in mind as well. The flanker-like (target module) and Stroop-like (posttarget module) effects differ in important ways. As discussed earlier, by nature, the target and flankers are related to each other in the flanker-like conflicts, because they are all processed within the same module. Thus, it is possible that the resultant conflict between the target and distracters may be resolved at a perceptual level. That is, target module effects could be underadditive because they take place at a perceptual rather than a response selection level. As elaborated earlier, however, there is evidence that at least part of the flanker effect results from response competition (e.g., C. W. Eriksen & Schultz, 1979; Miller, 1991; Sanders & Lamers, 2002) . Therefore, if the flanker effect is both perceptual and response related and if all response conflicts are additive in the PRP paradigm, there should have been a flanker effect (albeit smaller) at the short SOA conditions in all the flanker experiments, a prediction that was not borne out by the results: The flanker effect was negligible in the short SOA conditions. Furthermore, the response conflicts in Experiment 1b and Experiment 3 both consisted of a conflict between the response associated with the distracters and the required response (color words in Experiment 1b and digit names in Experiment 3; see Table 1 ). Nevertheless, the interaction of these effects in the PRP paradigm was very different. Experiment 1b showed an underadditive interaction whereas Experiment 3 showed an additive interaction with the PRP effect. The modular view of response selection can easily account for these differences, by assuming that the conflict in Experiment 1b occurred at the target module, whereas the conflict in Experiment 3 occurred at a posttarget module. Indeed, inspection of all the tasks in the present study and in that of Magen and Cohen (2002; see Table 1 ) and their interaction with the PRP sharpens the importance of the predictions derived from the DA model. None of the existing models of single-task interference (Kornblum et al., 1990) can account for these results. Moreover, we do not see any alternative classification (except for the modular locus of the conflict) that would divide the tasks according to the pattern of interactions observed in the PRP paradigm. More important, the results of Experiments 4 and 6 further weaken this perceptual interpretation of the flanker-like conflicts by providing evidence that the effect of direct nonperceptual manipulations of response selection processes at the target module is also underadditive in the PRP paradigm.
Given the occurrence of the PRP effect in all the experiments reported here one may suggest that there are several types of response selection processes, some of which are subject to central limitations and some are not. In particular, one may suggest that the processes involved in the resolution of response conflicts are not subject to central limitations, but other processes concerned with selection of the response are subject to the postponement in the PRP paradigm, hence the PRP effect. However, there is a conceptual problem with this hypothesis. The occurrence of a response conflict ought to occur after the conflicting responses had been selected, and not before. Thus, it is unclear what would be the nature of response selection processes that occur after a single response had already been selected. Nevertheless, we do not have direct evidence against this possible explanation of the findings.
Summary
The present study was motivated by findings from single-task paradigms and the DA model (Magen & Cohen, 2007) contradict-ing the main assumption of a unitary-response selection mechanism and proposing that the selection of responses consists of a chain of response decisions in transferring information between modules. Our present findings, and past findings (Magen & Cohen, 2002) show that the modular view can account for findings from the PRP paradigm as well. The findings that conflict resolution is underadditive in some situations (when the conflict occurs at the target module) and additive in other situations (when the conflict occurs in posttarget modules) strongly support the existence of a modular architecture. Thus, the modular approach proposed by the DA model connect together two major lines of research that are normally discussed separately. In addition, although current alternative models of the PRP paradigm may in some way account for the present results by additional ad hoc assumptions, and although the DA model faces challenges such as explaining the very existence of the PRP effect, the present findings encourage novel lines of research not considered before within the framework of the PRP paradigm. For example, as discussed earlier, the additive and underadditive patterns of results of Stroop-like and flanker-like effects, respectively, raise new questions and possible new answers as to the mechanisms involved in the resolution of response conflicts and the possible role of attentional mechanisms in this resolution. These and a number of additional questions await further research.
